Introduction
Diabetes is a growing public health problem. Nationally, the prevalence of diabetes increased almost 50% during the previous decade (1) . In Oregon, the percentage of adults who reported having been told by a doctor that they had diabetes increased from 4% in 1995 to 6% in 2003 (2) . Diabetes is associated with morbidity and mortality; it is a leading cause of death and is associated with new cases of end-stage renal disease, lower limb amputations, blindness, and cardiovascular disease (3) . It is a chronic, progressive, degenerative disease that has devastating effects on quality of life and results in high costs for individuals and society because of its complications, hospitalizations, and lost productivity (3) . When the disease is diagnosed, diabetes complications can be reduced through evidencebased, cost-effective treatment strategies, but often these treatments are underused (3) .
Additional increases in diabetes prevalence are likely in
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More recently, recognition of populations at higher risk for developing prediabetes has been increasing. People who are both overweight (body mass index [BMI] >25.0 kg/m 2 ) and aged 45 years and older are at particularly high risk (8) . Younger overweight individuals who have additional risk factors for type 2 diabetes are also at increased risk (8) . It is estimated that almost one fourth of overweight adults aged 45 to 74 years -12 million nationwide -have prediabetes (9) . Based on estimates from the Behavioral Risk Factor Surveillance System (BRFSS) surveys, 673,000 Oregonians are 45 years and older and overweight. As many as 152,000 of these individuals may have prediabetes and could benefit from interventions to help them avoid developing type 2 diabetes (10).
Prevention of diabetes in high-risk people is an important opportunity for public health professionals. Diabetes prevalence is increasing because of contemporary lifestyle changes (1, 3, 4) , and the disease shortens life expectancy and has devastating effects on quality of life (3) . Effective and economical treatment strategies exist to reduce complications in people who already have been diagnosed with diabetes (3) , and recent evidence shows that type 2 diabetes can be delayed or prevented with lifestyle interventions that have ancillary benefits (5, 6) . Increasing awareness of primary prevention strategies in people at highest risk for diabetes and effectively promoting prevention interventions in medical and community settings will be a challenge. More information is needed about perceptions of diabetes risk and prevention in high-risk individuals and among health care professionals.
In this study, the Oregon Diabetes Prevention and Control Program collected and analyzed responses from a statewide telephone survey conducted in 2003 to determine whether Oregon adults at highest risk for diabetes 1) believed that they were at risk for developing diabetes in the future, 2) had talked with a health care professional about diabetes, and 3) had been tested for the disease.
Methods
Information on Oregon adults' perceptions of diabetes risk and prevention was collected from Oregon's 2003 BRFSS, a state-based, random-digit-dialed household telephone survey. A disproportionate stratified sample design was used to obtain a probability sample of the noninstitutionalized, adult population aged 18 years and older in Oregon (11).
Survey measures
Initially, survey respondents were asked whether a doctor had ever told them they had diabetes. Respondents considered not to have diabetes (which included women who were told they had diabetes only during pregnancy) were asked a series of questions about diabetes risk factors, their perceived risk of developing diabetes, and any diabetes-related discussions or testing that had occurred in the health care setting (Table 1) .
Respondents were also asked about their extent of participation in moderate or vigorous activity in a usual week. Information about physical activity was collected using the standard BRFSS physical activity core module (12) . Respondents were categorized by physical activity levels as follows: 1) met Centers for Disease Control and Prevention (CDC) recommendations (either moderateintensity activity during leisure time for 30 minutes or more on 5 or more days per week or vigorous physical activity during leisure time for 20 minutes or more on 3 or more days per week; 2) insufficient activity (some physical activity but not enough to meet CDC recommendations); or 3) inactive (less than 10 minutes of moderate-intensity physical activity during leisure time in a usual week). BMI was calculated based on self-reported height and weight and was categorized as follows: 1) healthy weight (BMI <25.0 kg/m 2 ), 2) overweight (BMI 25.0-29.9 kg/m 2 ), or obese (BMI >30.0 kg/m 2 ).
High-risk groups assessed included people with a family history of diabetes, people who were overweight or obese, people who were physically inactive, people who were aged 45 years and older, and people of Hispanic or Latino ethnicity. Data for racial and ethnic populations other than non-Hispanic whites or Hispanics and Latinos were combined because when analyzed separately, the sample was too small for meaningful analysis. Respondents also indicated whether a doctor, a nurse, or another health professional had ever told them they had high blood pressure or high cholesterol.
We assessed separately the group that was overweight and aged 45 years and older because this group is at particularly high risk for prediabetes, and diabetes testing for people in this group is highly recommended (8) . The total number of risk factors commonly associated with diabetes was also determined for each respondent without diabetes (including ages 45 years and older, obesity, a family history of diabetes, and inactivity). Education level and annual household income were also specified for each respondent. Table 2 shows the risk factor categories and select characteristics.
Three survey questions were used to assess the relationship between the primary outcomes of interest (diabetes risk perception, diabetes discussions with a health care professional, and diabetes testing) and access to medical care. Respondents were asked to answer yes or no to the following questions: 
Data analysis
Before analyzing the data, we weighted the sample responses to adjust for differences in probability of selection and nonresponse and to derive estimates that more accurately reflect the population from which the sample was drawn (i.e., adult Oregonians as of July 1, 2003) (13) . Pearson chi-square tests were used to explore associations among perceived risk for diabetes, discussion of diabetes with health care professionals, diabetes testing, and the presence or absence of diabetes risk factors. Logistic regression analysis was used to assess significant univariate factors to determine the independent effect of important risk factors on each of the outcomes. Respondents who reported "don't know" or refused to answer questions were excluded from analysis. Percentages, odds ratios (ORs), and 95% confidence intervals (CIs) were calculated using the survey analysis procedures in STATA software, version 7 (StataCorp LP, College Station, Tex). The Taylor series linearization method was used to compute the variance of survey estimates that were appropriate for the complex sample design.
Results

Based on the Council of American Survey Research
Organizations response rate formula, the proportion of all eligible respondents in the sample of completed interviews was 50% (14) . A total of 1974 respondents completed telephone interviews, and 1810 (92.7%) reported that they had not been diagnosed with diabetes; 21 (1.1%) women reported that they had been diagnosed only during pregnancy, so these women were considered not to have diabetes. The remaining 141 adults (6.2%) who reported having been told by a doctor that they had diabetes and 2 adults with unknown diabetes status were excluded from additional analyses.
Among respondents without known diabetes, 51.3% were women, and the mean age was 45 years (range 18 to 99 years). The majority (84.7%) reported being non-Hispanic white; 30.4% had completed high school but did not go on to college, and 59.6% had some college education. Household earnings assessments revealed that 31.6% had an annual household income of $25,000 to $49,999, and 35.3% earned $50,000 or more. Respondent access to medical care was as follows: 80.4% had some form of health care coverage, 75.1% had at least one person they thought of as their personal doctor or health care provider, and 14.5% reported they were unable to seek medical care at some time in the previous 12 months because of cost.
The distribution of selected risk factors for diabetes and prediabetes was as follows: 27.5% had a family history of diabetes, 37.7% were overweight, 20.6% were obese, 36.9% were insufficiently active during leisure time, and 10.7% were inactive during leisure time. Comorbidities that increase the risk of diabetes complications were common: 20.5% had been told by a doctor, a nurse, or another health professional that they had high blood pressure; 33.5% reported being told by a doctor, a nurse, or another health professional that they had high cholesterol; and 21.7% were current smokers. When four common risk factors (ages 45 years and older, obesity, a family history of diabetes, and inactivity) were analyzed together, 32.1% had none of these risk factors, 38.3% had one, 21.7% had two, and 7.9% had three or four. In addition, 19.8% were aged 45 years and older and overweight.
Overall, only 14.5% of respondents were at least somewhat or very worried about developing diabetes in the next 10 years, 11.4% had talked about diabetes with a health care professional in the previous year, and 25.6% had been tested for diabetes by a health care provider in the previous year (Table 2 ). Significant associations were found among all three factors of interest (Table 1) .
Perceived risk of developing diabetes
Results from the bivariate analysis (Table 3) show that the likelihood of being concerned about developing diabetes was higher among respondents who were women, were Hispanic or Latino, were obese, were insufficiently active or physically inactive, had not been able to see a doctor at some time in the previous 12 months because of cost, and had a family history of diabetes. Respondents aged 65 years and older and those with more than a high school education were less likely to be worried. Respondents with two or more risk factors for diabetes were more likely than those with fewer risk factors to be worried about developing diabetes in the future. In no group did more than 34% of respondents express concern about their risk of developing diabetes in the future.
After including all significant variables in a single logistic regression model, a family history of diabetes (OR 4. Diabetes discussion with a health care professional Bivariate analyses (Table 4) indicate that the likelihood of talking with a health care professional in the previous year about diabetes was higher among respondents who were women, had a family history of diabetes, were obese, had a history of high blood pressure, and had a personal health care provider. The likelihood of discussing diabetes with a health care professional also increased with increasing number of risk factors for diabetes. After adjusting for multiple factors, a family history of diabetes (OR 2.9 [95% CI, 2.0-4.1]), being a woman (OR 1.8 [95% CI, 1.2-2.6]), and obesity (OR 1.6 [95% CI, 1.1-2.5]) were still independently associated with a history of talking with a health care professional in the previous year about diabetes.
Diabetes testing
Findings from bivariate analyses (Table 5) show that the likelihood of being tested for diabetes by a health care provider in the previous year was higher among respondents who were women, were aged 45 years and older, were overweight or obese, had a history of high blood pressure or high cholesterol, had health care coverage, had a personal health care provider, and had a family history of diabetes. The likelihood of being tested increased with increasing number of risk factors for diabetes. Respondents who were aged 45 years and older and overweight were also more likely to have been tested for diabetes in the previous year than respondents who did not have this combination of risk factors for prediabetes. Three of the risk factors were independently associated with diabetes testing by a health care provider in the previous year: a family history of diabetes (OR 2.0 [95% CI, 1.5-2.8]), ages 65 years and older (OR 1.9 [95% CI, 1.3-2.8]), and a history of high blood pressure (OR 1.5 [95% CI, 1.1-2.1]).
Discussion
To help translate primary diabetes prevention into practice, at-risk individuals and health care professionals must be aware of the risk factors for developing diabetes, talk to each other about diabetes, test for evidence of prediabetes, and begin preventive interventions. However, even among respondents in this study at highest risk for diabetes, at most one third reported being concerned about developing diabetes, one fifth reported having discussed their risk with a health professional in the previous year, and less than half reported having been tested for diabetes by a health provider in the previous year. Although our results show that respondents with more risk factors tended to be more aware of their risk for diabetes, fewer than one third of people at highest risk (i.e., those with three or four risk factors) were worried about developing diabetes in the future. These findings about risk perception are similar to findings from previous studies in the general population, which suggest that individuals tend to underestimate their risk for developing diabetes (15) (16) (17) .
Discussing diabetes with a health care professional and testing for diabetes were also more likely among individuals with several diabetes risk factors. We are unsure whether these associations reflect more frequent health care visits because of the number of risk factors or result from respondents' risk perceptions. Although we were able to determine that adults who were worried about developing diabetes were more likely to talk with a health care professional and be tested for diabetes (Table 1) , we were unable to determine the number of health care visits made.
Even though the American Diabetes Association recommends that fasting blood glucose or glucose tolerance testing should be considered for all individuals aged 45 years and older (8) , our results show that respondents aged 45 to 64 years were no more likely to be worried about developing diabetes or to discuss diabetes risk with a health care professional than their younger counterparts. Respondents aged 65 and older were even less concerned. However, testing for diabetes did increase with increasing age.
Although obesity was consistently associated with increased perceived risk, being overweight was not independently associated. In addition, the respondents who were overweight and aged 45 years and older (a group at particularly high risk of developing prediabetes [8] ) were no more likely to perceive being at risk for diabetes than younger respondents who were not overweight. Furthermore, this high-risk group was no more likely to report discussing diabetes risk with a health professional. In contrast, Harwell et al reported that among adults aged 45 years and older, being overweight was independently associated with perceived risk for developing diabetes and was also associated with having received medical advice regarding diabetes risk (16) . In our study, the group of respondents that was overweight and aged 45 years and older was more likely to report having been tested for diabetes, a finding that is also different from that of another study by Harwell et al (18) .
Even though older adults (aged 45 years and older) and the group that was overweight and aged 45 years and older were no more likely to be concerned about developing diabetes than their lower risk counterparts, the increased likelihood of testing among these high-risk groups may partly reflect health care providers' recognition that these adults are at higher risk for prediabetes and diabetes. Lower reported levels of perceived risk may also result from high-risk adults who have already been tested and not been diagnosed with diabetes.
Previous research has reported a twofold to sixfold higher risk of developing type 2 diabetes among individuals with a family history of diabetes compared with people who have no family history of diabetes (19) . Although family history was strongly associated with all three study questions, among respondents with a family history the actual percentages of those who reported being worried about developing diabetes (31%), having talked with a health care professional (21%), and being tested for diabetes (38%) were still low. Pierce et al reported that family members of individuals with type 2 diabetes underestimate their own risk of developing diabetes (20) . Another population-based survey of adults aged 45 years and older also noted that although perceived risk of developing diabetes was higher among respondents with a family history of diabetes, less than half actually considered themselves to be at risk (16 when they were unable to seek medical care because of cost (A.M.K., unpublished data, 2005). Although the difference was not statistically significant, the low percentage of Hispanic and Latino respondents who had discussed diabetes risk with health care providers indicates the need for better access to medical care for these individuals and culturally appropriate education for health care professionals so that they will encourage diabetes discussions and testing.
The number of respondents was not sufficient to assess self-perceived risk of diabetes among racial and ethnic groups other than non-Hispanic whites and Hispanics and Latinos. Future research should explore diabetes perceptions and awareness of its prevention among other racial and ethnic populations that are at higher risk.
Discussing diabetes with a health care professional and diabetes testing were not found to be independently associated with access to medical care. We were unable to track the number of health care visits made to providers, which may have been a better indicator of medical care access and may have been associated with the major study factors of diabetes risk perception, diabetes discussions with health care providers, and diabetes testing. A previous population-based study on diabetes testing among adults aged 45 years and older found that a history of two or more visits to a health care provider in the previous year was independently associated with diabetes testing within the previous year (18).
Limitations
All data were self-reported, which may have resulted in recall and nonresponse bias, especially for questions about diabetes testing, frequency and duration of physical activity, and weight and height used to compute BMI. Moreover, individuals who have diabetes but have not been diagnosed or do not remember being diagnosed may have been categorized as not having diabetes. The sample only represents individuals living in households with landbased telephones; individuals without telephones, those who used cellular phones exclusively, and those who were institutionalized were not represented (11).
We only asked respondents whether they had talked with a health care professional about diabetes or been tested for diabetes in the year preceding the survey date. Because of this restricted time frame, we were unable to obtain information about respondents who had been tested more than a year before the survey date, had received a negative result, and were not due for another test (8) . If the time frame had been extended, the percentages of adults who had talked with a health care professional and been tested for diabetes may have been higher. In addition, among respondents who had been tested for diabetes, we were unable to determine the type of test performed (Table 1) .
Several health behavior models describe the important impact of multiple health beliefs such as perceived severity, outcome expectations, self-efficacy, and perceived risk on an individual's likelihood of initiating a behavior change (21, 22) . In our study, BRFSS data were only collected on one health belief: a person's perceived risk for developing diabetes. Additional research is needed to determine whether Oregon adults at high risk for diabetes who are worried about developing diabetes actually believe that their risk is serious, believe the benefits of taking action outweigh the costs, believe they have the ability to change, and then actually make the necessary lifestyle changes to decrease their risk.
The cross-sectional nature of this study may have restricted our interpretation of certain findings. For example, certain high-risk respondents, such as older adults, may not have been worried about developing diabetes because they had already talked with a health care professional about their risk, been tested for the disease, and received a negative result. Prospective studies are needed to further elucidate the complex relationships among the primary outcomes of interest: diabetes risk, discussions about diabetes with a health care professional, and testing for diabetes.
Implications
Many Oregon adults at high risk for developing diabetes are unconcerned about their risk for developing the disease. Findings from our study suggest that high-risk individuals need to be more aware of their potential for developing diabetes, as do their health care professionals -an initial step toward translating diabetes prevention into practice. Effective public health messages about diabetes awareness could be incorporated into educational and screening interventions targeted toward populations at high risk for developing diabetes. These messages should address the risk of developing diabetes, the value of discussing diabetes risk with a health care professional, and ways to delay or even prevent the condition from developing with fairly simple lifestyle changes. Although health professionals are still designing targeted programs that identify individuals at increased risk of developing prediabetes or diabetes and offer appropriate education and screening strategies, findings from our study provide support for the potential benefits of such programs. The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors' affiliated institutions. Use of trade names is for identification only and does not imply endorsement by any of the groups named above. The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors' affiliated institutions. Use of trade names is for identification only and does not imply endorsement by any of the groups named above. 
a Respondents who reported they were "very" or "somewhat" worried. b Data are weighted percentages and number of respondents with "yes" response for each category. NA indicates not applicable. c P <.05 indicates that diabetes risk perception, diabetes discussions with a health care professional, and diabetes testing are associated with a characteristic or risk factor based on the complex survey-design Pearson's chi-square test but do not specify which groups are significantly different from each other. The design-based F statistic was used to calculate the chi-square value. The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors' affiliated institutions. Use of trade names is for identification only and does not imply endorsement by any of the groups named above. 
